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SEMICONDUCTOR PROCESSING METHODS 

TECHNICAL FIELD 

The invention pertains to semiconductor processing methods, and 
particularly pertains to methods of removing some portions of a layer 
from over a semiconductive substrate, while leaving other portions of the 
layer remaining over the substrate. 

BACKGROUND OF THE INVENTION 

Modern semiconductor processing frequently involves 
photolithographic methods to pattern materials into very small structures, 
which are ultimately incorporated into a semiconductor circuit. An 
exemplary prior art method for forming small structures from a layer of 
material is as follows. First, the layer of material is provided over a 
semiconductive substrate. Subsequently, a layer of photoresist is 
provided over the layer of material. A photolithographic mask is then 
provided over the layer of photoresist and light is shined through the 
mask to expose portions of the layer of photoresist while leaving other 
portions unexposed. The photoresist typically comprises an unsaturated 
organic material, such as, for example, a material comprising one or 
more unsaturated carbon-containing rings. The exposed portions are 
rendered either more or less soluble in a solvent relative to the 
unexposed portions. If the exposed portions are rendered more soluble, 
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the resist is referred to as a positive photoresist (as a positive image 
of a pattern from the photolithographic mask is transferred to the 
photoresist), and if the exposed portions are rendered less soluble, the 
photoresist is referred to as a negative photoresist (as a negative image 
of the pattern from the photolithographic mask is transferred to the 
photoresist). In any event, the photoresist is exposed to a solvent and 
either the exposed or unexposed portions are removed while leaving the 
other of the exposed or unexposed portions remaining over the layer of 
material. Such patterns the photoresist into a patterned mask overlaying 
the layer of material. The layer of material is then exposed to 
conditions which transfer a pattern from the patterned mask to the 
layer of material (i.e., which removes portions of the layer of material 
not covered by photoresist, while leaving the portions of the layer 
material that are covered by photoresist). Subsequently, the photoresist 
is removed and the substrate having the patterned layer of material 
thereon is subjected to subsequent processing steps to form an 
integrated circuit over the substrate. 

Typically, the semiconductive substrate referred to above is in the 
form of a wafer and a plurality of semiconductor packages (i.e., 
individual integrated circuits) are simultaneously formed over the wafer. 
After the formation of the plurality of semiconductor packages is 
complete, the wafer is subjected to a die-cutting process to separate the 
individual integrated circuits from one another. In wafer fabrication 
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processes employed to date, photoresist is entirely removed from a wafer 
prior to subjecting the wafer to a die-cutting process. Among the 
reasons for removal of the photoresist is that the photoresist is not a 
material suitable for incorporation into semiconductor circuits. It would 
be desirable to develop alternative methods for patterning structures 
during semiconductor circuit fabrication processes. 

In an area of semiconductor processing considered to be unrelated 
to the above-described photolithographic processing methods, a recently 
developed technique for forming insulative materials is Flowfill™ 
Technology, which has been developed by Trikon Technology of Bristol, 
U.K. The process can be utilized for forming either silicon dioxide or 
methylsilicon oxide ((CHj^SiO^.J, for example. The process for forming 
silicon dioxide is as follows. First, SiH4 and H2O2 are separately 
introduced into a chemical vapor deposition (CVD) chamber, such as a 
parallel plate reaction chamber. The reaction rate between SiH4 and 
H2O2 can be moderated by the introduction of nitrogen into the reaction 
chamber. A semiconductive wafer is provided within the chamber, and 
ideally maintained at a suitably low temperature, such, as O^'C, at an 
exemplary pressure of 1 Torr to achieve formation of a silanol-type 
structure of the formula Si(OH)^, which is predominantly Si(0H)4. The 
Si(OH)4 condenses onto the wafer surface. Although the reaction occurs 
in the gas phase, the deposited Si(OH)4 is in the form of a viscous 
liquid which flows to fill small gaps on the wafer surface. In 
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applications where deposition thickness increases, surface tension drives 
the deposited layer flat, thus forming a planarized layer over the 
substrate. 

The liquid Si(0H)4 is typically converted to a silicon dioxide 
structure by a two-step process. First, planarization of the liquid film 
is promoted by increasing the temperature to above 100° C, while 
maintaining the pressure of about 1 Torr, to result in solidification and 
formation of a polymer layer. Thereafter, the temperature is raised to 
above 400 °C, while maintaining the pressure of greater than 1 Torr, to 
form SiOj. The processing above 400*^0 also provides the advantage of 
driving undesired water from the resultant Si02 layer. 

The formation of methylsilicon oxide is accomplished similarly to 
that described above for forming silicon dioxide, with the exception that 
methylsilane ((Cli^)^Siii^_^y wherein z is at least 1 and no greater 
than 4) is combined with the hydrogen peroxide to produce a 
methylsilanol, instead of combining the silane (SiH4) with the hydrogen 
peroxide to form silanol. 

SUMMARY OF THE INVENTION 

In one aspect, the invention encompasses a semiconductor 
processing method wherein a layer of material is formed over a 
semiconductive wafer substrate. Some portions of the layer are exposed 
to energy while other portions are not exposed. The exposure to 

C:\CURRENT\mi221035.pO3 A27990t051058N X 4 PAT-US\AP-RED 

b 



energy alters physical properties of the exposed portions relative to the 
unexposed portions. After the portions are exposed, the exposed and 
unexposed portions of the layer are subjected to common conditions. 
The common conditions are effective to remove the material and 
comprise a rate of removal that is influenced by the altered physical 
properties of the layer. The common conditions remove either the 
exposed or unexposed portions faster than the other of the exposed and 
unexposed portions. After the selective removal of the exposed or 
unexposed portions, and while the other of the exposed and unexposed 
portions remains over the substrate, the wafer is cut into separated die. 

In another aspect, the invention encompasses another 
semiconductor processing method. A layer of (CH3)ySi(OH)4.y is formed 
over a substrate, wherein y is greater than 0 and less than 4. Some 
portions of the layer are exposed to ultraviolet light while other 
portions are not exposed. The exposure to ultraviolet light converts the 
exposed portions to (CH3)^Si02,;„ wherein x is greater than 0 and less 
than 2. After the exposure to ultraviolet light, the exposed and 
unexposed portions of the layer are subjected to hydrofluoric acid to 
selectively remove the (CH3)ySi(OH)4.y of the unexposed portions relative 
to the (CH3)^Si02.x of the exposed portions. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the invention are described below with 
reference to the following accompanying drawings. 

Fig. 1 is a fragmentary, diagrammatic, cross-sectional view of a 
semiconductive wafer fragment at a first step of a processing method in 
accordance with the present invention. 

Fig. 2 is a view of the Fig. 1 wafer fragment at a step subsequent 
to that of Fig. 1. 

Fig. 3 is a view of the Fig. 1 wafer fragment at a step subsequent 
to that of Fig. 2 in accordance with a first embodiment processing 
method of the present invention. 

Fig. 4 is a view of the Fig. 1 wafer fragment at a processing step 
subsequent to that of Fig. 3. 

Fig. 5 is a view of the Fig. 1 wafer fragment shown at a step 
subsequent to that of Fig. 2, and in accordance with a second 
embodiment processing sequence of the present invention. 

Fig. 6 is a view of the Fig. 1 wafer fragment at a processing step 
subsequent to that of Fig. 5. 

Fig. 7 is a top view of a semiconductive wafer, such as the wafer 
incorporating the fragment of Fig. 1, shown prior to subjecting the 
wafer to a die-cutting process. 

Fig. 8 is a top view of portions of the Fig. 7 semiconductive 
wafer shown after the wafer is subjected to a die-cutting process. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

This disclosure of the invention is submitted in furtherance of the 
constitutional purposes of the U.S. Patent Laws "to promote the 
progress of science and useful arts" (Article 1, Section 8). 

The invention encompasses methods for utilizing energy to form 
patterned masking materials on a wafer. In particular aspects of the 
invention, the patterned masking materials are retained on a wafer after 
a die-cutting process. In other particular aspects of the invention, the 
patterned masking materials comprise silicon. The invention is described 
with reference to a preferred embodiment in Figs. 1-8. 

Referring to Fig. 1, a semiconductive wafer fragment 10 is 
illustrated at a preliminary step of a processing sequence encompassed 
by the present invention. Wafer fragment 10 comprises a 
semiconductive substrate 12. Substrate 12 can comprise, for example, 
monocrystalline silicon lightly doped with a p-type conductivity enhancing 
dopant. To aid in interpretation of the claims that follow, the term 
"semiconductive substrate" is defined to mean any construction 
comprising semiconductive material, including, but not limited to, bulk 
semiconductive materials such as a semiconductive wafer (either alone 
or in assemblies comprising other materials thereon), and semiconductive 
material layers (either alone or in assemblies comprising other 
materials). The term "substrate" refers to any supporting structure. 
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including, but not limited to, the semiconductive substrates described 
above. 

A first layer of material 14 is formed over substrate 12, and a 
second layer of material 16 is formed over first layer 14. The material 
of first layer 14 can be either a conductive material or an insulative 
material, and is not particularly germane to the present invention. The 
material of second layer 16 has physical properties which can be altered 
by exposure to energy. The material of second layer 16 can comprise, 
for example, methylsilanol ((CH3)ySi(OH)4.y) or silanol (Si(OH)4, either 
of which can be formed by methods described above in the 
"Background" section of this disclosure. Both methylsilanol and silanol 
have physical properties which can be altered by exposure to, for 
example, electron beam energy, ultraviolet light or plasma. For 
instance, if portions of either silanol or methylsilanol are exposed to 
ultraviolet light, such portions will have a higher etch rate in 
hydrofluoric acid than will portions not exposed to the ultraviolet light. 
The exposure of methylsilanol to ultraviolet light converts it to the 
insulative material (CH3)^Si02.x, and exposure of silanol to ultraviolet 
light converts it silicon dioxide. 

Referring to Fig. 2, an energy source 18 is provided over wafer 
fragment 10, and a patterned photolithographic mask 20 is provided 
between source 18 and second layer 16. Mask 20 comprises orifices 22 
extending therethrough. In operation, energy 24 is emitted from 
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/ source 18 and toward mask 20. In the illustrated embodiment, the 

2 energy is shown as light waves which can comprise, for example, 

3 wavelengths corresponding to ultraviolet light. Mask 20 blocks some of 

4 the light waves, while other light waves penetrate through orifices 22 to 
s reach layer 16. Layer 16 is thus divided into portions 30 which are 

6 exposed to the radiation from source 18 and portions 32 which are 

7 shielded by mask 20 and not exposed to radiation 24. The exposure of 

8 layer 16 to radiation 24 alters physical properties of the material of 

9 layer 16 within exposed regions 30 relative to physical properties of the 

10 material in unexposed portions 32. 

11 After the exposure to radiation 24, the exposed portions 30 and 

12 unexposed portions 32 of layer 16 are exposed to common conditions 

13 which are effective to remove the material of layer 16. Further, the 

14 common conditions comprise a rate of removal of the material of 
i^ layer 16 that is influenced by physical properties altered by exposure to 

16 radiation 24. Accordingly, exposed portions 30 are removed at a 

17 different rate than unexposed portions 32. Figs. 3 and 4 illustrate an 

15 embodiment wherein exposed portions 30 are removed at a slower rate 

19 than unexposed portions 32, and Figs. 5 and 6 illustrate an embodiment 

20 wherein the exposed portions are removed at a faster rate than the 

21 unexposed portions. 

22 Referring first to the embodiment of Figs. 3 and 4, and 
2^ specifically referring to Fig. 3, substrate 10. is illustrated after exposure 
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to conditions which remove exposed portions 32 (Fig. 2) more rapidly 
than unexposed portions 30, to leave only unexposed portions 30 
remaining over first material 14. In an exemplary embodiment, the 
material of layer 16 can comprise either methylsilanol or silanol, the 
radiation 24 (Fig. 2) can comprise ultraviolet light, and the common 
conditions can comprise exposure to hydrofluoric acid. The ultraviolet 
light converts exposed material of layer 16 to either methylsilicon 
dioxide or silicon dioxide, and thus renders such exposed portions more 
resistant to hydrofluoric acid removal than unexposed portions 
comprising either methylsilanol or silanol. In the exemplary 
embodiment, it is found that the portions of a methylsilanol or silanol 
layer 16 exposed to ultraviolet light are removed by hydrofluoric acid 
at a rate that is at least about 5 times slower than portions of layer 16 
not exposed to ultraviolet light. The portions not exposed to ultraviolet 
light can thus be selectively removed relative to the portions that have 
been exposed to ultraviolet light. For purposes of interpreting this 
disclosure and the claims that follow, a first material is "selectively 
removed" relative to another material if the first material is removed 
at a rate that is at least 3 times faster than a rate at which the other 
material is removed. 

Referring to Fig. 4, a pattern is transferred from exposed 
portions 30 to underlying layer 14. Specifically, portions of layer 14 are 
removed by an etch. The conditions of the etch will vary depending 
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on the material of layer 14, and can comprise conventional methods 
which will be recognized by persons of ordinary skill in the art for 
utilization with various materials of layer 14. 

Referring to 5 and 6, processing similar to that of Figs. 3 and 4 
is illustrated with the exception that it is exposed portions 30 (Fig. 2) 
that have a faster rate of removal than unexposed portions 32 when 
layer 16 is subjected to conditions for removing the material of 
layer. 16. 

An advantage of the present invention relative to prior art 
methods described above in the "Background" section of this disclosure 
is that the photolithographically patterned layer 16 does not comprise 
photoresist. Accordingly, layer 16 can have attributes desired in 
structures formed over substrate 12, For instance, in the above- 
described exemplary embodiment of Figs. 3 and 4, the remaining 
portions 30 of layer 16 comprise an insulative material (either silicon 
dioxide or methylsilicon oxide). Such insulative material can be utilized 
for separating conductive components of a semiconductor circuit from 
one another. In some applications, the methylsilicon oxide can be more 
preferred than the silicon dioxide, as methylsilicon oxide has a lower 
dielectric constant than silicon oxide. Accordingly, methylsilicon oxide 
can reduce parasitic capacitance between adjacent conductive components 
relative to silicon dioxide. The advantages of utilizing methylsilicon 
oxide can be generally realized from silicon oxides having the generic 
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formula R-Si-0, wherein R is an organic group, R can comprise, for 
example, a hydrocarbon group. 

Figs. 7 and 8 illustrate subsequent processing which can occur 
after the processing of either Figs. 3 and 4, or the processing of Figs. 5 
and 6. Specifically, Fig. 7 is a view of an entirety of a semiconductive 
wafer 50 which has been processed. The semiconductive wafer has a 
plurality of semiconductor structures (e.g., circuitry) formed thereover 
(not shown) and is subdivided into circuit packages 52 (only some of 
which are labeled). Imaginary dashed lines 53 are provided to show 
boundaries between adjacent semiconductor circuit packages 52. For 
reasons discussed above, structures comprised by packages 52 can 
comprise portions of photolithographically patterned layer 16 
incorporated therein. 

Referring to Fig. 8, wafer fragment 50 (Fig. 7) is illustrated after 
being , subjected to a die-cutting process, wherein the wafer has been cut 
into separated die corresponding to packages 52. 

In compliance with the statute, the invention has been described 
in language more or less specific as to structural and methodical 
features. It is to be understood, however, that the invention is not 
limited to the specific features shown and described, since the means 
herein disclosed comprise preferred forms of putting the invention into 
effect. The invention is, therefore, claimed in any of its forms or 
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/ modifications within the proper scope of the appended claims 
2 appropriately interpreted in accordance with the doctrine of equivalents. 
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